Listeria monocytogenes has been the causative agent of major food-borne epidemics (1) in which dairy products (including milk [10] and cheese [5, 6, 14, 17, 20, 22] ), vegetables (13) , and coleslaw (27) have been incriminated as the contaminated foods.
From 1979 to 1985, four food-associated outbreaks, all involving L. monocytogenes serotype 4b, were reported in North America. Food preference surveys suggested that coleslaw was the vehicle of infection during the 1981 outbreak in Nova Scotia, Canada, which resulted in 41 cases of listeriosis and 14 deaths. L. monocytogenes was isolated from a patient's refrigerated coleslaw and from two unopened coleslaw packages obtained from the factory. Epidemiological investigations indicated that the cabbage used in the suspect coleslaw was grown in fields fertilized with manure obtained from a flock of sheep in which listeriosis had been reported (27) .
The 1983 outbreak in Massachusetts involved 49 patients, including 7 perinatal cases and 42 immunosuppressed individuals over a 3-month period. L. monocytogenes was never cultured from the pasteurized milk product. The pasteurizer was found to be operating correctly at temperatures and times exceeding the current regulations of the Food and Drug Administration (7, 10 ). Yet, epidemiological surveys indicated that patients who had consumed pasteurized whole or 2% milk purchased from a particular supermarket chain were at greater risk than case controls matched for residence and predisposing conditions. Retrospective analysis suggested cases of listeriosis in dairy herds supplying the milk plant in question (10) . Multiple serotypes of L. monocytogenes, including the 4b serotype associated with the outbreak, were recovered from milk tanks supplying the pasteurizer (12) .
In 1985, the single largest listeriosis outbreak occurred in * Corresponding author.
Los Angeles County, Calif. (14, 17, 22) . In this epidemic unlike the others, a food source, Mexican-style soft cheese, was incriminated as the vehicle of infection during the outbreak. Of the 93 maternal-fetal cases that were reported, 87% of the cases involved Hispanic persons who recalled eating a particular brand of Mexican-style soft cheese. L. monocytogenes was cultured from a patient's refrigerated Mexican-style cheese and from unopened cheese packages recovered from the factory. It was speculated that raw milk, the probable source of L. monocytogenes, and pasteurized milk were mixed during cheese preparation (17, 22) . Because each of these epidemics involved L. monocytogenes serotype 4b, we wished to evaluate restriction enzyme analysis as a method of further differentiating these serologically indistinguishable isolates. Phage typing (2, 3, 11, 18, 23, 25, 26) , multilocus enzyme analysis (4), and ribotyping (24) (9, 16, 23a cheese plant environment (LALM-1, LALM-6, LALM-9), including insects (LALM-2, LALM-3), and from other dairy products made from the milk source incriminated in the outbreak (LALM-4, LALM-5, LALM-8, LALM-11) were examined ( Table 2 ). An isolate from sodium caseinate (LALM-10), which was used in the manufacture of a sour cream-like product, was compared with an isolate recovered from that product (85-354-920). These strains were provided by Richard Ruby, Food and Drug Administration, Los Angeles, Calif.
Cultures were maintained on Trypticase soy agar slants supplemented with 0.6% yeast extract. All isolates were serotyped (19) and biochemically confirmed as L. monocytogenes, based on hemolysis and reactivity in xylose and rhamnose, by G. Wagner, Food and Drug Administration, Minneapolis.
DNA extraction and restriction enzyme analysis. Bacterial isolates were plated onto brain heart infusion agar containing 5% defibrinated bovine blood and incubated at 37°C for 24 h. Bacterial lawns from three plates each per isolate were harvested in phosphate-buffered saline (0.01 M, pH 7.2), pelleted (8,000 x g, 30 min, 4°C), suspended in 0.4 ml of 25% sucrose in TE buffer (1 mM EDTA, 10 mM Tris [pH 7.2]), and frozen (-20°C) until the time of DNA preparation. DNA was extracted as follows (27) . The dense bacterial suspension (300 ,ul) was transferred to 13- 
RESULTS
Restriction enzyme analysis. Thirty-one clinical isolates and two food isolates associated with the Canadian outbreak were examined. The restriction enzyme pattern of isolate 81-861, recovered from a patient's refrigerated coleslaw and incriminated as the food vehicle in the outbreak (Fig. 1) , was selected as the reference standard against which the remaining strains were compared. After DNA digestion with HhaI, the restriction enzyme patterns of 28 clinical isolates were identical to that of the reference isolate (81-861). Because of their identical DNA electrophoretic pattern, these 28 isolates were considered to be of the epidemic strain. The restriction enzyme patterns of isolates 81-505 (Fig. 1A, lane 6) , 81-507 (Fig. 1A, lane 7) , and 81-859 (Fig. 1B, lane 11) , however, were clearly different from that of the reference isolate. In addition, 16 clinical samples from Canada not associated with the outbreak were examined. None exhibited the restriction enzyme pattern of the epidemic strain (data not shown).
The nine clinical and five raw milk isolates associated with the Massachusetts outbreak were compared. The nine clinical isolates exhibited the identical restriction enzyme pattern after digestion of DNA with HhaI ( Fig. 2A) . However, the restriction enzyme profiles of the two representative human isolates F4641 and F4642 (Fig. 2B, lanes 1 and 2) differed from those of the five raw milk isolates (Fig. 2B,  lanes 3 through 7) . These milk isolates were recovered after the outbreak, during a survey of raw milk sources supplying the pasteurizer (12) . The serotype 4b milk isolates V37CE, F1057, F1109, and F5069 (Fig. 2B, lanes 4 through 7) exhibited a restriction enzyme pattern that differed from that of the human strains F4641 and F4642 (Fig. 2B, lanes 1 and  2) . The restriction enzyme pattern of the serotype 1/2A isolate V7 (Fig. 2B, lane 3) differed from that of the epidemic-associated strains. Therefore, unlike the patterns in the Canadian epidemic, the restriction enzyme patterns of the 14 (Fig. 3A) .
The restriction enzyme profiles of cheese isolates (n = 10) recovered from unopened cheese packages confiscated from the factory were identical (Fig. 3B) and indistinguishable from those of the human isolates (Fig. 3A) . This restriction enzyme pattern was also exhibited by isolate F2365, recovered from a patient's refrigerated cheese (Fig. 3C, lane 1) , by isolates recovered from packages purchased in supermarkets in Los Angeles (Fig. 3C, lanes 2 through 9) , and by isolates recovered from the cheese plant (Fig. 3C, lanes cooler condensate (Fig. 3D, lane 1) , insects (Fig. 3D, lanes 2,  3) , cheese curd (Fig. 3D, lane 5) , and pasteurizer (Fig. 3D,  lane 6 ). The identity of restriction enzyme profiles reflects widespread contamination of the factory with the epidemic strain. The restriction enzyme pattern exhibited by these epidemic strains was also seen in an isolate (LALM-4) recovered from cotija fresco cheese manufactured by the suspect cheese plant (Fig. 3D, lane 4) and by an isolate (LALM-10) recovered from sodium caseinate (Fig. 3D, lane  9 ) used in manufacturing a sour cream-like product and from an isolate recovered from this product (Fig. 3D, lane 7) . The sour cream-like product was made by the plant supplying raw milk to the cheese plant in question. The restriction enzyme pattern of an isolate (LALM-9) from the cheese plant floor drain (Fig. 3D, lane 10) was clearly different, although it was of the epidemic serotype 4b. The restriction enzyme pattern of isolate LALM-11 of serotype la from a Mexican-style cheese product (Fig. 3D, lane 11) (Fig. 4) .
DISCUSSION
The four major food-associated listeriosis outbreaks that occurred in North America involved the 4b serotype (10, 13, 17, 27) . We have previously reported that the restriction enzyme HhaI offered the best discrimination of field isolates that were serologically indistinguishable (28) . In this study we used HhaI to discriminate epidemic strains of L. monocytogenes of serotype 4b.
Thirty-three isolates associated with the Canadian epidemic, in which coleslaw was the vehicle of infection, were examined. The restriction enzyme pattern exhibited by the L. monocytogenes isolate cultured from a patient's refrigerated coleslaw (81-861) was also exhibited by 28 clinical strains recovered during that outbreak. The three clinical isolates (81-505, 81-507, 81-859) with markedly different restriction enzyme patterns may represent sporadic cases that occurred concurrently and thus are superimposed on the epidemic. Alternatively, human infection may have resulted from consumption of three different virulent Listeria clones in the coleslaw.
Phage typing (3, 10, 17, 25, 26) has been used to characterize L. monocytogenes isolates recovered from food-borne epidemics. In this study complete bacteriophage typing data were available for comparison with restriction enzyme profiles of isolates recovered from the Canadian outbreak. The restriction enzyme profile, phage type, and electrophoretic type of strains 81-505, 81-507, and 81-859 differed from those of strain 81-861. Strains 81-859 and 81-505 were both nontypable by phage typing but were of the same electrophoretic type and exhibited the same restriction enzyme pattern.
The nine human isolates associated with the 1981 Massachusetts epidemic exhibited the same restriction enzyme pattern. This pattern was clearly different from that exhibited by Canadian and California epidemic strains. We have observed this Massachusetts restriction enzyme pattern in other serotype 4b isolates, including three isolates recovered from ice cream in the Midwest, a bovine milk strain, and two isolates obtained from brains of two sheep that displayed clinical signs of listeriosis. This suggests that this strain of L. monocytogenes, with the potential to cause epidemics, is widespread. For the Massachusetts outbreak, pasteurized whole and 2% milk were incriminated as the vehicles of infection on the basis of epidemiological retrospective analysis. L. monocytogenes was not cultured from the pasteurized product, and the pasteurizer was operating at temperatures and holding times that exceeded the required limits (8, 10) . Clinical symptoms compatible with the diagnosis of listeriosis had been reported earlier in cows supplying milk to the pasteurization facility, although no bovine isolates are available for study. Multiple serotypes of L. monocytogenes were recovered from raw milk supplying the pasteurizer months after the onset of the outbreak (12) . However, the restriction enzyme profiles of the four serotype 4b raw milk isolates (V37CE, F1057, F1107, F5069), like their phage type profiles (10), differed markedly from those of the human epidemic strain pattern. That raw milk was sampled after the outbreak (10, 12) or was unrelated to this outbreak may explain the observed differences in restriction enzyme patterns of raw milk and clinical isolates.
The restriction enzyme profiles of 49 strains recovered from cheese, human, and environmental samples associated with the 1985 California epidemic involving Mexican-style soft cheese were compared. The restriction enzyme patterns of 18 human isolates from Los Angeles County were indistinguishable from that of an isolate (DA-3) obtained from an elderly diabetic who developed listeriosis after consuming the suspect brand of Mexican-style cheese purchased in Arizona. The restriction enzyme profiles of the L. monocytogenes strains recovered from unopened cheese packages confiscated at the factory and from assorted cheese varieties marketed under the suspect brand name purchased from supermarkets in Southern California were identical to those of the human isolates. The possible sources of Listeria contamination are diagrammed in Fig. 5 . L. monocytogenes was not recovered from the dairy herds supplying the milk to the cheese factory (8) . This has been ascribed to the delay in testing the dairy herds for nearly 2 weeks after the closure of the cheese plant, to the insensitivity of culture methods (17, 22) , and to generalized plant contamination unrelated to bovine listeriosis (15) . Although the dairy cows were reportedly fed silage 3 months before the outbreak, bovine listeriosis was not reported in the herds (17) . Mascola et al. (22) reported that the milk plant supplying raw milk to the cheese factory produced a sour cream-like product that was contaminated with L. monocytogenes of the same phage type seen in the Mexican-style soft cheese. This isolate (85-354-970) and that recovered from the sodium caseinate (LALM-10) used in sour cream production at the milk supplier exhibited the RE pattern of the epidemic type. Whether the L. monocytogenes in the milk plant originated from human carriers or from a long-standing environmental source is unknown. The identical restriction enzyme patterns of strains from the cooler condensate, pasteurizer, and cheese curd indicate widespread contamination of the cheese plant with epidemic strain. L. monocytogenes may have originated from contaminating sources already present in the cheese factory, including floor drains, factory workers, and cooler condensates. That L. monocytogenes could also be recovered from ants and flies in the cheese plant reflects the level of factory sanitation. The cheese factory records indicated that milk deliveries exceeded the capacity of the pasteurizer (17 
